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Background 
• Immune checkpoint inhibitors (ICI) have dramatically improved the outcomes of patients with several cancers
• Treatment related adverse events (AEs) induced by ICI are mostly immune-related AEs which can affect any organ, 

including the cardiovascular system

Varicchi et al., ESMO Open 2017
Johnson DB et al., NEJM 2016

• The WHO database shows that the mortality associated 
with ICI-related myocarditis ranges from 36% to 67% 

• Although there is increasing awareness of 
cardiotoxicity induced by ICI, its incidence in the most 
recent data has not been systematically analyzed

This provide us the rational to do a systematic review and 
meta-analysis aimed to assess the cardiac toxicity 
associated with ICI



Methods: Objectives, Search strategy and data extraction 
• Systematic review and meta-analysis conducted according to PRISMA guidelines and registered in

PROSPERO database (ID: CRD42020183524)

• The primary objective was to compare the risk of cardiotoxicity induced by ICI with the risk of cardiotoxicity induced 
by different cancer treatments (non-ICI)

• The secondary objective was to compare the risk of cardiotoxicity induced by dual-agent ICI (immunotherapy 
combinations) with the risk of cardiotoxicity induced by single-agent ICI

• Systematic search of PubMed, MEDLINE, Embase databases, and conference proceedings up to June 30, 2020

• Inclusion of all randomized clinical trials comparing ICI with other treatments (primary objective) or dual-agent ICI 
vs single-agent ICI (secondary objective), in any solid tumor 

• Subgroup analyses were performed to evaluate the impact of tumor type, setting of disease, line of treatment, and 
type of treatment

Liberati A et al., PRISMA statement for systematic reviews and meta-analysis, PLoS Med 2009
PROSPERO Database available at: https://www.crd.york.ac.uk/prospero/



 Records identified through database 
searching 
(n=3068) 

- PUBMED (n=614) 
- EMBASE (n=2454) 
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Conference abstracts 
(n = 15) 

- ASCO (n=10) 
- ESMO (n=5) 
- ESMO Breast (n=0) 

Records after duplicates removed 
(n =1137) 

Records screened 
(n = 95) 

Excluded (n=1042) because:  
- articles about haematological tumors 
(n=51)  
- retrospective studies about IO (n=46) 
- non-randomized studies about IO (n=919) 
- articles about treatments other than IO 
(n=11)  
- preclinical studies (n=15) 

Full-text articles assessed for 
eligibility (M-A IO vs non-IO) 

(n =66) 

Excluded because 
articles did not meet inclusion criteria (i.e. 

no cardiac AEs data) (n=15) 

Studies included in qualitative 
synthesis (M-A IO vs non-IO) 

(n=66) 

Duplicates (n=1946) 
- Conference abstracts (n=1) 
- Pubmed (n=6) 
- Embase (n=1939) 
 

Full-text articles assessed for 
eligibility (MA dual-IO vs single-IO) 

(n =14) 

Studies included in qualitative 
synthesis (MA dual-IO vs single-IO) 

(n=14) 

• 80 studies including 
35,337 pts were 
included in the final 
analysis 
Ø 66 studies with 

34,664 pts for the 
primary objective

Ø 14 studies with 
673 pts for the 
secondary 
objective

Study Results  



Overall RE (I-squared=16.0%, p=0.267)

Subtotal RE (I-squared=0.0%, p=0.493)

I-SPY2, 2020

KEYNOTE-010, 2016

KEYNOTE-240, 2020

Impassion-130, 2020
IMpower150, 2018

KEYNOTE-522, 2020

CA184-043, 2014

IMblaze370, 2019

Subtotal RE (I-squared=24.6%, p=0.182)

DETERMINE, 2017

KEYNOTE-045, 2017
KEYNOTE-040, 2019

KATE-2, 2019

Study

IMpower133, 2018

Checkmate-078, 2019

Anti-PD(L)1
CASPIAN, 2019

PACIFIC, 2017

Anti-CTLA4

IMpower130, 2019

1.14 (0.88, 1.48)

1.16 (0.83, 1.61)

0.66 (0.23, 1.89)

0.11 (0.01, 1.01)

0.48 (0.03, 7.62)

1.31 (0.71, 2.41)
1.34 (0.30, 5.93)

5.49 (0.30, 98.96)

1.31 (0.81, 2.12)

1.19 (0.26, 5.49)

1.08 (0.74, 1.56)

1.04 (0.66, 1.63)

0.90 (0.45, 1.78)
2.85 (0.12, 69.72)

0.13 (0.01, 1.10)

RR (95% CI)

0.99 (0.06, 15.71)

0.46 (0.03, 7.35)
0.50 (0.13, 1.99)

2.07 (0.79, 5.42)

1.96 (1.12, 3.45)

4/69

1/682

1/279

23/453
4/393

5/781

35/393

8/269

50/380

15/266
1/246

1/133

Single-IO

1/198

1/337
3/265

21/475

56/473

16/181

4/309

1/134

17/437
3/394

0/389

27/396

2/80

24/189

16/255
0/234

4/67

Non-IO

1/196

1/156
6/266

5/234

14/232

1.14 (0.88, 1.48)      230/6092    141/4149

1.16 (0.83, 1.61)      85/773        51/585

0.66 (0.23, 1.89)

0.11 (0.01, 1.01)

0.48 (0.03, 7.62)

1.31 (0.71, 2.41)
1.34 (0.30, 5.93)

5.49 (0.30, 98.96)

1.31 (0.81, 2.12)

1.19 (0.26, 5.49)

1.08 (0.74, 1.56)     145/5319     90/3564

1.04 (0.66, 1.63)

0.90 (0.45, 1.78)
2.85 (0.12, 69.72)

0.13 (0.01, 1.10)

RR (95% CI)

0.99 (0.06, 15.71)

0.46 (0.03, 7.35)
0.50 (0.13, 1.99)

2.07 (0.79, 5.42)

1.96 (1.12, 3.45)

4/69

1/682

1/279

23/453
4/393

5/781

35/393

8/269

50/380

15/266
1/246

1/133

Single-IO

1/198

1/337
3/265

21/475

56/473

  1.0101 1 99

Primary Objective: ICI vs. Non-ICI treatments 
No significant differences in terms of cardiac AEs 

(any) between ICI and non-ICI groups

RR 1.14, 
95%CI 0.88-1.48, 

p=0.326
(I²=16%)

No significant differences in terms of myocarditis risk 
between ICI and non-ICI groups

Overall RE (I-squared=0.0%, p=1.000)

NCT01585987, 2017
Subtotal RE (I-squared=0.0%, p=0.997)

POPLAR, 2016

DETERMINE, 2017

Impassion-130, 2020

I-SPY2, 2020

NCT02362594, 2018

KEYNOTE-040, 2019

CheckMate-017, 2015

IMbrave150, 2020

Subtotal RE (I-squared=0.0%, p=1.000)

KEYNOTE-240, 2020
KEYNOTE-189, 2020

KEYNOTE-048, 2019

KEYNOTE-021, 2016

JAVELIN Lung 200, 2018

Anti-PD(L)1

Checkmate-078, 2019

PACIFIC, 2017

NCT00257205, 2013

Anti-CTLA4

KEYNOTE-024, 2019

KATE-2, 2019
JAVELIN Renal 101, 2019

IMpower150, 2018
IMpower133, 2018

NCT02500121, 2020

CA184-043, 2014

NCT02130466, 2019
KEYNOTE-522, 2020

IMpower130, 2019

IFCT-1603 Trial, 2019

KEYNOTE-042, 2019

KEYNOTE-061, 2018

CheckMate-057, 2015

NCT00527735 (SCLC), 2013

KEYNOTE-181, 2019

CheckMate-066, 2015

KEYNOTE-010, 2016

NCT03051659, 2019

KEYNOTE-407, 2018

NCT00527735 (NSCLC), 2012
NCT00324155, 2011

EORTC-18071, 2016

KEYNOTE-002, 2017

IMblaze370, 2019

KEYNOTE-426, 2019

Study

NCT00094653, 2010

KEYNOTE-045, 2017

1.11 (0.64, 1.92)

0.79 (0.02, 39.21)
0.81 (0.23, 2.88)

0.95 (0.02, 47.59)

0.50 (0.01, 25.04)

0.96 (0.02, 48.51)

2.60 (0.05, 129.77)

2.96 (0.12, 72.46)

0.95 (0.02, 47.75)

0.98 (0.02, 49.26)

0.48 (0.01, 23.87)

1.20 (0.65, 2.19)

0.48 (0.01, 24.17)
1.50 (0.06, 36.66)

1.50 (0.06, 36.64)

1.05 (0.02, 52.08)

2.79 (0.11, 68.19)

0.46 (0.01, 23.30)

0.16 (0.01, 4.02)

0.98 (0.02, 49.32)

0.97 (0.02, 48.78)

0.51 (0.01, 25.30)
3.03 (0.12, 74.28)

1.00 (0.02, 50.40)
0.99 (0.02, 49.64)

0.95 (0.02, 46.84)

1.01 (0.02, 50.65)

1.00 (0.02, 49.59)
5.49 (0.30, 98.96)

0.49 (0.01, 24.70)

0.51 (0.01, 24.96)

2.90 (0.12, 71.08)

0.94 (0.02, 47.16)

0.93 (0.02, 46.91)

0.53 (0.01, 26.24)

2.83 (0.12, 69.16)

1.00 (0.02, 49.92)

0.45 (0.01, 22.82)

3.00 (0.13, 71.70)

1.01 (0.02, 50.58)

0.47 (0.01, 23.67)
1.02 (0.02, 51.01)

3.02 (0.12, 73.92)

0.48 (0.01, 24.11)

0.30 (0.01, 15.00)

4.95 (0.24, 102.87)

RR (95% CI)

0.26 (0.01, 13.03)

0.96 (0.02, 48.14)

0/57

0/142

0/380

0/453

0/69

1/509

0/246

0/131

0/329

0/279
1/405

1/576

0/59

1/393

0/337

0/475

0/325

0/154

0/133
1/434

0/393
0/198

0/55

0/393

0/60
5/781

0/473

0/48

1/636

0/294

0/287

0/84

1/314

0/206

0/682

1/44

0/278

0/138
0/247

1/471

0/357

0/269

2/429

Single-IO

0/511

0/266

0/45

0/135

0/189

0/437

0/181

0/502

0/234

0/129

0/156

0/134
0/202

0/287

0/62

0/365

0/156

1/234

0/319

0/150

0/67
0/439

0/394
0/196

0/52

0/396

0/60
0/389

0/232

0/24

0/615

0/276

0/268

0/44

0/296

0/205

0/309

0/44

0/280

0/65
0/251

0/474

0/171

0/80

0/425

Non-IO

0/132

0/255

1.11 (0.64, 1.92)     16/13800    1/10356

0.79 (0.02, 39.21)
0.81 (0.23, 2.88)      1/2606       0/1915

0.95 (0.02, 47.59)

0.50 (0.01, 25.04)

0.96 (0.02, 48.51)

2.60 (0.05, 129.77)

2.96 (0.12, 72.46)

0.95 (0.02, 47.75)

0.98 (0.02, 49.26)

0.48 (0.01, 23.87)

1.20 (0.65, 2.19)     15/11194    1/8441

0.48 (0.01, 24.17)
1.50 (0.06, 36.66)

1.50 (0.06, 36.64)

1.05 (0.02, 52.08)

2.79 (0.11, 68.19)

0.46 (0.01, 23.30)

0.16 (0.01, 4.02)

0.98 (0.02, 49.32)

0.97 (0.02, 48.78)

0.51 (0.01, 25.30)
3.03 (0.12, 74.28)

1.00 (0.02, 50.40)
0.99 (0.02, 49.64)

0.95 (0.02, 46.84)

1.01 (0.02, 50.65)

1.00 (0.02, 49.59)
5.49 (0.30, 98.96)

0.49 (0.01, 24.70)

0.51 (0.01, 24.96)

2.90 (0.12, 71.08)

0.94 (0.02, 47.16)

0.93 (0.02, 46.91)

0.53 (0.01, 26.24)

2.83 (0.12, 69.16)

1.00 (0.02, 49.92)

0.45 (0.01, 22.82)

3.00 (0.13, 71.70)

1.01 (0.02, 50.58)

0.47 (0.01, 23.67)
1.02 (0.02, 51.01)

3.02 (0.12, 73.92)

0.48 (0.01, 24.11)

0.30 (0.01, 15.00)

4.95 (0.24, 102.87)

RR (95% CI)

0.26 (0.01, 13.03)

0.96 (0.02, 48.14)

0/57

0/142

0/380

0/453

0/69

1/509

0/246

0/131

0/329

0/279
1/405

1/576

0/59

1/393

0/337

0/475

0/325

0/154

0/133
1/434

0/393
0/198

0/55

0/393

0/60
5/781

0/473

0/48

1/636

0/294

0/287

0/84

1/314

0/206

0/682

1/44

0/278

0/138
0/247

1/471

0/357

0/269

2/429

Single-IO

0/511

0/266

  1.00518 1 193

RR 1.11, 
95%CI 0.64-1.92, 

p=0.701
(I²=0%)



Secondary Objective: Dual ICI vs. Single ICI treatments 
No significant differences in terms of cardiac AEs 

(any) between Dual ICI and Single ICI groups

RR 1.91, 
95%CI 0.52-7.01, 
p=0.329, I²=0%

No significant differences in terms of myocarditis risk 
between Dual ICI and Single ICI groups

RR 1.10, 
95%CI 0.31-3.87, 
p=0.881, I²=0%

Overall RE (I-squared=0.0%, p=0.942)

Subtotal RE (I-squared= .%, p= .)

NCT02374242, 2018

Ipi+Nivo

CheckMate-143, 2018

Subtotal RE (I-squared=0.0%, p=0.901)

Alliance A091401, 2018

Treme+Durva

NeoStar, 2019

NCT02519322, 2018

APACHE, 2019

CheckMate-069, 2016

Study

1.91 (0.52, 7.01)

1.00 (0.02, 46.40)

1.17 (0.02, 57.32)

0.35 (0.01, 16.83)

2.08 (0.52, 8.27)

3.00 (0.13, 71.61)

1.09 (0.02, 52.67)

3.25 (0.15, 72.36)

1.00 (0.02, 46.40)

5.44 (0.31, 96.36)

RR (95% CI)

0/35

0/30

1/42

0/21

1/11

0/11

5/94

Dual IO

0/41

0/10

0/42

0/23

0/12

0/11

0/46

Single IO

1.91 (0.52, 7.01)             7/244      0/185

1.00 (0.02, 46.40)            0/11        0/11

1.17 (0.02, 57.32)

0.35 (0.01, 16.83)

2.08 (0.52, 8.27)             7/233      0/174

3.00 (0.13, 71.61)

1.09 (0.02, 52.67)

3.25 (0.15, 72.36)

1.00 (0.02, 46.40)

5.44 (0.31, 96.36)

RR (95% CI)

0/35

0/30

1/42

0/21

1/11

0/11

5/94

  1.00748 1 134

Overall RE (I-squared=0.0%, p=0.998)

NCT02558894, 2019

APACHE, 2019

Study

Subtotal RE (I-squared=0.0%, p=0.875)

CheckMate-143, 2018

CheckMate-069, 2016

NCT02374242, 2018

NeoStar, 2019

Subtotal RE (I-squared=0.0%, p=0.992)

CheckMate-067, 2019

NCT03015129, 2019

Ipi+Nivo

NCT02519322, 2018

Treme+Durva

1.10 (0.31, 3.87)

1.00 (0.02, 48.92)

1.00 (0.02, 46.40)

RR (95% CI)

1.60 (0.20, 12.63)

0.35 (0.01, 16.83)

0.49 (0.01, 24.55)

1.17 (0.02, 57.32)

1.09 (0.02, 52.67)

0.88 (0.18, 4.31)

1.99 (0.04, 100.08)

3.00 (0.13, 70.64)

1.08 (0.02, 50.43)

0/32

0/11

0/30

0/94

0/35

0/21

0/313

1/28

0/11

0/32

0/11

Single IO

0/10

0/46

0/41

0/23

0/624

0/28

0/12

1.10 (0.31, 3.87)               1/575       0/827

1.00 (0.02, 48.92)

1.00 (0.02, 46.40)

RR (95% CI)

1.60 (0.20, 12.63)              1/71         0/71

0.35 (0.01, 16.83)

0.49 (0.01, 24.55)

1.17 (0.02, 57.32)

1.09 (0.02, 52.67)

0.88 (0.18, 4.31)               0/504       0/756

1.99 (0.04, 100.08)

3.00 (0.13, 70.64)

1.08 (0.02, 50.43)

0/32

0/11

Dual IO

0/30

0/94

0/35

0/21

0/313

1/28

0/11

  1.00748 1 134



Pooled Incidences of Cardiac AEs
ICI vs non-ICI groups Dual ICI vs Single ICI groups

ICI-group 
events/N (%)

Non-ICI group 
events/N (%)

RR (95% CI) Dual ICI
events/N (%)

Single ICI
events/N (%)

RR (95% CI)

Any cardiac 
AEs

230/6092 (3.78) 141/4149 (3.40) 1.14 (0.88-1.48), p=0.326 7/244 (2.87) 1/248 (0.40) 1.91 (0.52-7.01), p=0.329

Myocarditis 16/13800 (0.12) 1/10356 (0.01) 1.11 (0.64-1.92), p=0.701 2/1151 (0.17) 0 1.10 (0.31-3.87), p=0.881

Myocardial 
infarction

27/6607 (0.41) 12/4477 (0.27) 1.19 (0.63-2.23), p=0.596 1/202 (0.50) 0 0.98 (0.21-4.47), p=0.978

Pericarditis 31/6113 (0.51) 9/4162 (0.22) 1.14 (0.62-2.10), p=0.668 0 1/206 (0.49) 0.67 (0.16-2.76), p=0.580

Arrhytmias 104/5826 (1.79) 58/3894 (1.49) 1.32 (0.94-1.84), p=0.108 5/202 (2.48) 0 1.65 (0.40-6.89), p=0.491

Heart failure 28/6548 (0.43) 28/4415 (0.63) 0.61 (0.35-1.07), p=0.087 1/263 (0.38) 0 1.04 (0.25-4.26), p=0.962

Valvular 
disease

0 1/3894 (0.03) 0.63 (0.24-1.64), p=0.340 0 0 0.79 (0.16-3.83), p=0.770

Cardiac arrest 19/7854 (0.24) 5/5399 (0.09) 1.23 (0.61-2.47), p=0.558 0 0 0.79 (0.16-3.83), p=0.770

Cardiac death 55/16620 (0.33) 27/12987 (0.21) 1.07 (0.72-1.59), p=0.751 4/1458 (0.27) 0 1.28 (0.48-3.42), p=0.623



Conclusions (1)
• In our meta-analysis of randomized clinical trials, immunotherapy was not 

associated with a higher risk of cardiotoxicity compared to non-immunotherapy 
treatments. 

• Moreover, immunotherapy combinations were not associated with a higher risk of 
cardiotoxicity compared to ICI in monotherapy

• Our study is the largest meta-analysis published thus far about cardiotoxicity 
induced by ICI, and we investigated not only myocarditis events, but also a broader 
range of cardiac AEs, including myocardial infarction, pericarditis, hearth failure, 
arrhythmias, valvular disease, cardiac arrest and cardiac death



Conclusions (2)
• Nonetheless, not all studies included in the meta-analysis provided complete data 

about cardiac AEs. Several studies presented only AEs occurring above a specified 
incidence, which might have ranged from 1% to 20%. This could favour 
underreporting of rare AEs, like cardiac events, and could mask the real incidence of 
this toxicity

• Despite the apparent cardiac safety of ICI, an effort for comprehensive AEs reporting 
upon ICI clinical trials publication, regardless of AEs rarity, should be pursued, in 
order to further investigate the incidence, treatment and outcomes of these rare but 
potentially fatal toxicities. 



elisa.agostinetto@bordet.be
@ElisaAgostinett
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